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Abstract

Background: Both fostering and measuring action competence remain central
targets of vocational education and training research; adequate measurement
approaches clearly are prerequisites for international, large-scale assessments. For the
German Chamber of Commerce and Industry, competence assessments of industrial
managers rely mainly on final examinations that attempt to measure not just
knowledge but also action competence. To evaluate this test instrument, this article
considers two questions: (1) Can the test assess action competence with validity, and
(2) how reliable are the corresponding assessment results?

Methods: The study relied on statistical procedures (e.g., IRT scaling), applied
empirically to a sample of 1,768 final examinations.

Results: As a result the current examination appears neither adequate nor accurate
as an instrument to capture action competence.

Conclusions: We conclude that several improving steps have to be undertaken to
improve the economic assessment.

Keywords: Vocational competences; Action competence; Item response theory (IRT)
scaling; Competence structure; Test reliability
Background
Prospects and demand for adequate competence assessments

Explicit or implicit measures of vocational competence are relevant to many facets of

vocational education and training (VET) and thus constitute an ever-growing research

field. They pertain to national educational factors, such as relevant information and

instruments for managing the quality of the vocational educational systems and devel-

oping adequate support programs, but increasingly, they also appear in international

policy agendas. That is, international comparisons and acknowledgement of qualifica-

tions, as well as the encouragement of lifelong, informal learning, require adequate

measurement concepts and innovative evaluation methods. To meet these multiple

expectations, two major conditions must be fulfilled a priori (Klotz & Winther, 2012).

First, we require empirically confirmable competence models that encompass con-

ceptual operationalizations of competences but also reveal a well-postulated theoretical

structure that captures their empirical structure. From a scientific perspective,
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researchers seek empirical results related to the “true” structure of professional compe-

tences. From a political point of view, knowledge about the structure and comparability

of competences is required to achieve large-scale assessments of VET, such as across

Europe. In this context, compulsory education likely refers to a common curriculum of

basic competences, such as literacy or numeracy, but the structure of competences

within VET is more varied in content and therefore tends to be more complex. Thus

VET content is heterogeneous not only between countries but also across different

professions within nations (Baethge, Arends, & Winther, 2009) and even in specific

workplaces (Billett, 2006). This abundant variation creates an ongoing dilemma for

constructing generally valid competence tests. Uncertainty about the structure of com-

petences also undermines international comparisons and the development of binding

international agreements for consistent competence standards. Some scarce empirical

research into the appropriate structure or model of competence suggests a content-

based classification, such that item content exerts a characteristic influence on its

difficulty. Other studies assume dimensionality based on different cognitive processing

heuristics, which may determine response behaviors (Nickolaus, 2011; Nickolaus,

Gschwendter, & Abele 2009; Nickolaus, Gschwendter, & Geißel 2008; Rosendahl &

Straka, 2011; Seeber, 2008; Winther & Achtenhagen, 2009b, 2010).

Second, another necessary condition pertains to the reliability of the test results, that

is, the certainty with which we can classify students according to a chosen test instru-

ment. Neglecting this conditions poses serious risks, because people easily can be

misclassified based on their test results, and such classification errors can have severe

consequences for their future professional advancement.

With this study, we seek to evaluate both necessary conditions with respect to

current testing efforts based on final examinations. Specifically, we describe how the

German VET system currently operationalizes and measures competences in the eco-

nomic domain. Empirical results obtained from a sample of 1,768 final examinations of

industrial managersa reveal the extent to which German assessment instruments are

qualified, in terms of their validity and reliability, to measure and classify students’ eco-

nomic action competence. This study, in accordance with a broader research program,

seeks to develop and test a theoretical competence model and thereby improve current

assessment practices. Its results thus offer guidelines for further development of the

test instrument, as we discuss before concluding this article.
Conceptualization of final examinations

Action competence offers a constitutive element of the German vocational system and

a significant topic of scientific and political discourse since the early 1980s, particu-

larly in relation to the didactic implications of action regulation theory (Hacker, 1986;

Kuhl, 1994a, 1994b; Volpert, 1983). In the mid-1990s, the Standing Conference of the

Ministers of Education and Cultural Affairs (Kultusministerkonferenz) legally adopted

the concept of action competence as a central target. Specifically and by law, students

must be instructed in a way that enables them to plan, execute, and monitor an entire

action process in a working environment. This concept appears largely heuristic but

still must form the foundation for any test construction (BGBI, 2005 §5). In practice,

these assessments come from the German Chamber of Commerce and Industry
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(GCCI) and comprise both oral and written components. The oral part consists of a

presentation and then a related expert discussion; it accounts for 30% of the assess-

ment. The written examination comprises practical tasks pertaining to economics and

social studies, as well as commercial management and control, together with situ-

ational tasks that take the form of case studies related to business processes. This last

business processes section represents the most important assessment area, in terms of

processing time (180 minutes) and weighting (40% of the final grade) (see Table 1).

Therefore, this study focuses on this assessment component.

Recent commentary suggests that these test practices fail to give students sufficient

room or potential to apply their knowledge to solve complex problems in a process-

oriented working context (e.g., Haasler, 2007; Schmidt, 2000; Winther, 2010b)

According to the GCCI (2009), the design of the business processes test component is

intended to require test takers to model processes, undertake complex tasks, analyze

business processes, and solve problems in an outcome- and customer-oriented way. To

implement these goals, the test designers operationalized action competence as the

three mutually exclusive process dimensions in Figure 1: planning, executing, and

monitoring (GCCI 2009). Thus again, the business processes section seems particularly

suitable for our empirical analysis of the structure of action competence.

If these process dimensions actually characterize a test situation, their solutions

should require different sets of cognitive abilities of the test taker. In addition to this

primary test conception, each item might be categorized according to four content

domains: marketing and distribution, acquisition, human resource management (HRM),

and goods and services. Such an alternative content-related model of competence

measurement, as in Figure 2, appears in some other vocational assessments (Nickolaus,

2011; Nickolaus, Gschwendter, & Geissel 2008; Rosendahl & Straka, 2011; Seeber, 2008).

The content-related structure model for the economic domain reflects the previous

curriculum of commercial schools, which were officially abolished in 1996, replaced by

cross-disciplinary learning fields that sought to foster greater action competence.
Methods
Validity

Tests of validity determine if and to what extent a measurement actually measures

the intended construct. This criterion comprises two facets. First, it describes the

operationalization of a theoretical concept, together with its potential subdimensions

and observable indicators, to determine if the focal approach offers a good measure-

ment notion in relation to the latent trait. It therefore entails the translation of the

latent trait into contents, and then the contents into reasonable measurement items,

and in this sense, if refers to content validity. But even if an abstract concept is carefully

operationalized, including all theoretical aspects and a reasonable item design, it
Table 1 Final Examination by the GCCI

Oral examination Written examination

Presentation (10%) Economics and social studies (10%)

Expert discussion (20%) Commercial management & control (20%)

Business processes (40%)



Figure 1 Procedural structure model.
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remains possible that the theoretical concept simply does not exist in the real world—

or at least not in the way assumed by the researcher. Second, to address the potential

gap between theory and observed reality, validity assessments entail construct validity

to determine if the postulated process and content structures arise from empirical

test results.

Examination of content validity

Winther (2011) has analyzed the focal final examinations with regard to their objectiv-

ity and content validity. The results indicate systematic biases, due to nonuniform

scoring during the correction process (see Table 2). With regard to content validity,

Winther (2011) notes that a predominant part of the curriculum is dedicated to the

goods and services domain (47% of the curriculum, about one-third of practical

training), yet the proportion of content related to that topic in the test is rather small

(21%). Thus, the test does not achieve representative validity. In particular, tasks related

to modeling the processes of value creation and quantifiable production management

are underrepresented, whereas the marketing and distribution content area appears

overrepresented (38% of the final), in comparison with both its percentage of the

curriculum (26%) and its practical relevance (25%).

Regarding construct validity, neither procedural nor content-based structures are

clearly identifiable, perhaps due to the strong correction bias in the data (Winther,

2011). These results prompted a central re-correction of the examinations, such that

the test results were compared, independent of the analyst, to gain unbiased data for

further analyses of construct validity and reliability.

Examination of construct validity

Construct validity exists if the postulated process and content structures are actually

reflected in empirical test results. To analyze theoretical structure models, most

research relies on factor analytical approaches, though increasingly, multidimen-

sional item response theory (IRT) models have grown in popularity (Hartig &

Höhler, 2008). In accordance with this theory, a set of mathematical models describe,

in probabilistic terms, the relationship between a person’s response to an item and

the level of a latent trait (e.g., Reeve & Fayers, 2005). Traditional approaches to

measurement scales rely on averages or a simple summation of the test scores; IRT

models instead reflect the assumption that the probability of solving an item depends

on the test taker’s latent trait or ability (i.e., θi = person parameter), combined with



Figure 2 Content-related structure model.
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the item difficulty (i.e., δi = item parameter). These two parameters relate negatively

(θi – δi), because the probability of solving an item increases with the person’s

ability but decreases with greater item difficulty (Wright & Stone, 1979). This

basic assumption can be formalized as a nonlinear function, namely, the item

response function:

p Xvi ¼ xð Þ ¼ exp θv−δið Þ
1þ exp θv−δið Þ x ¼ 0; 1: ð1Þ

It also can be depicted in an item characteristic curve, as in Figure 3.

For the analysis of the final examinations, we used IRT models because their traits

and characteristics render them particularly suitable for this research goalb. However, a

basic assumption underlying the application of parametric IRT models is that the

model is appropriate for the data, which in turn demands the choice of the right model

and an evaluation of model fit. The first consideration for choosing the right model is

determining the number of item response categories. Only some structure models

can model items with more than two response options, commonly referred to as

polytomous items. In addition, the modeler must decide if another parameter, in

addition to the item and person parameters (1PL model), can add to the level of item

discriminationc (2PL model) or even if yet another parameter that reflects guessing

effectse should appear in the model (3PL model) (Weiss & Davison, 1981). Although

brevity considerations prevent us from describing all these models, we propose the

specification scheme in Figure 4 to help render the decision process transparent and

facilitate the search for an appropriate IRT model that can analyze the structure of

competences in related research fields.

Competence measures often feature test instruments that contain polytomous, or-

dered item responses, such as the rating scale (Andrich, 1978), partial credit (Masters,

1982), and graded response (Samejima, 1969) models. Because competence, as mea-

sured by final examinations, seemingly constitutes a multidimensional concept, the
Table 2 Practical and curriculum relevance of examination contents

Items Score
(/100)

Practical learning
(/25 months)

School hours
(/600)

Curriculum
weight

Marketing & Distribution 38 5-7 months 160 h 26.67%

Acquisition 20 5-7 months 80 h 13.33%

HRM 21 2-6 months 80 h 13.33%

Goods & Services 21 6-10 months 280 h 46.67%



Figure 3 Item characteristic curves for a dichotomous Rasch model with three items of varying
difficulty (See Rost, 2004, p. 125; Winther, 2010a, p. 41).
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confirmation of its structure requires a multidimensional modeling approach. If com-

petence tests contain items with various scales, as is likely in complex modeling situa-

tions, the partial credit model appears most appropriate. An advanced alternative also

could take advantage of a 1PL model but still allow for varied scaling, that is, by fixing

the discrimination parameter of the 2PL graded response model to equal 1 and thereby

obtain the related 1PL model. The choice between these two models is somewhat arbi-

trary; both produce nearly identical results, albeit with slightly different parameteriza-

tions. Furthermore, this approach is easy to program using Mplus software, so this

study adopts it to identify and evaluate whether the postulated theoretical structures

appear in the final examination data. Accordingly, we allow for items with different

numbers of response categories, as well as varying distances across response categories

(e.g., Gibbons et al., 2007).
Examination of test reliability

The term “reliability” describes the replicability and thus the accuracy with which

each item measures its intended trait. To assess a student’s expertise, a measure must

have a strong probability of correctly classifying each student as possessing a certain

competence value. For this analysis, we again applied an IRT standard. An important

characteristic of IRT models is that they describe reliability, in terms of measurement

precision, as a continuous function that is conditional on the values of the measured

construct. It is therefore possible to model the test’s reliability for each individual

value of competence for every test taker. The crucial appraisal criterion for a test’s

reliability is measurement error, which arises because any measurement concept can

include only a limited sample of the many possible items that constitute the measure-

ment domain. The testing conditions also may vary, because factors other than

student knowledge affect response behaviors, including both student-specific factors,

such as mood, health, or individual differences in exposure to the tested content, and

situational factors, such as distractions during the test, room temperature, and so

forth (Kiplinger, 2008).

According to Fischer (1974), item precision can be depicted by item information

curves (or functions), which indicate the range over the measurement construct in

which the item discriminates best among individuals. The inverse of the squared



Figure 4 IRT specification schemef.
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standard measurement error is equivalent to item information with respect to the

latent trait (in our case, expertise). Thus,

Ii ¼ 1
σ2
i

ð2Þ

The higher the estimation variance, the less test information is available, and the
lower the test’s reliability (Ramsay, 1995):

Rel θð Þ ¼ 1
1þ 1

I θð Þ
ð4Þ

If the information is expansive, it is possible to identify a test taker whose true ability
is at that level with reasonable precision.

Results and discussion
Results for the Test’s validity

Testing both structures (i.e., process-oriented and content-related) within a single, inte-

grated, 12-factor structure model was too unwieldy for the focal database, with only 35

items to distribute across dimensions. Numerically, the question of which theoretical

model fits the real database best can be answered most effectively by so-called fit indi-

ces. In the test to confirm the processual structure model (M1 from Figure 1), we

obtained poor values; this test concept does not appear valid for capturing competence.

In contrast, the empirical evidence obtained for a school subject–oriented, content-
Table 3 Global fit indices for the procedural model (M1) and content-related structure
model (M2)

Fit indices Cut-off criterion M1 M2

χ2 ≥ 0.05 0.000 0.000

Weighted Root Mean Square Residual ≤ 0.05 0.054 0.041

WRMR ≤ 0.9 2.036 1.663

Confirmatory fit index ≥ 0.95 0.782 0.957

Tucker-Lewis (1973) index ≥ 0.95 0.867 0.965
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related measurement approach (M2) suggested good fit with the content structure for

most items, as the comparison in Table 3 reveals.

To derive the content-related structure model, we used exploratory factor analysis.

Specifically, to determine the number of factors, we combined a graphical scree test

(Cattell, 1966) with a parallel analysis (Horn, 1965), using the MonteCarlo PA software,

which offers a more objective approach for extracting factors. A five-factor solution

emerged. We rotated the factor solution using oblique rotation method promax in

SPSS, which is well suited to an analysis that allows for some correlation of factors

(as can be assumed for the competence dimensions) and for very large data sets (as is

the case for the final examinations). During this analysis, the data freely generated the

postulated contend-related structure model, together with the predicted parameters of

the model. In the only empirical difference, the contents of the academic subjects

marketing and distribution split empirically into two domains (marketing and distribu-

tion), as we show in Figure 5.

Thus, the content-related structure model supports the validity of 21 of the 35 items

with regard to their effectiveness for measuring differences in the abilities of test takers.

However, the concept measured is not actually action competence, as intended, but

rather content-related, technical knowledge, in an expertise-related sense. If we also

consider the content of items not represented in this structure, we note that these

abilities are characterized by their relatively transferable, contextualized nature and

often involve calculations.
Results for the Test’s reliability

Using IRT-standard, the amount of information can be computed for each ability level

on a test’s ability scale (Baker, 2001). We show the results for the final examinations

data in Figure 6.

The information function for the test reaches its maximum for persons with an

approximately average competence level. That is, near this area, it is possible to esti-

mate, very precisely, test takers’ true level of expertise (reliability = .88). Farther

from this maximum though, the test’s estimation precision decreases rapidly.

Students with relatively high ability, who are located in the positive space, reveal a

lower but still sufficient information value. In contrast, students with below-average

expertise get estimated with an information value tending to 0. Because the test

information reflects the sum of individual item information at a given ability level,
Figure 5 Empirically generated content-related structure model.



Figure 6 Test reliability for the GCCI final examinations.
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the amount of information also is defined at the item level. The test provides many

measurement items related to an average ability level, along with some items to

measure high ability levels, but it features few easy items designed to measure low

levels of expertise. Therefore, the GCCI final examinations cannot effectively differ-

entiate test takers with low versus very low ability.

However, this gap does not necessarily cause problems. Some tests are constructed

explicitly to differentiate students precisely at a specific, crucial point. That is, we need

to consider the specific purpose of any particular test instrument to assess its reliability.

The primary purpose of the final examinations is to regulate access to the industrial

management profession, such that test takers are separated simply into those who pass

the test, and thus receive certification to enter the professional community, and those

who do not. Annually, approximately 95% of test takers pass,f so the most important

separation point must fall far below an average competence level. Yet the amount of

test information available in this range tends toward zero, so students have been

quasi–blindly classified into the crucial “passed” or “failed” categories. This lack of

reliability in final examinations not only infringes on statistical test standards

but also has severe implications for the professional development and life of a vast

number of students.
Conclusions
The evaluation of the validity of action competence provided by this article reveals

that the assessment entails not the intended, process-oriented structure but rather a

fractured, subject-specific, content structure. This content-related structure model

reflects a previous, officially abolished teaching structure and curriculum, which

makes it quite surprising that this conceptualization still dominates the test. The

instrument may be partially valid for assessing subject-specific content—that is,

the expertise of a student in several subjects—but it cannot capture true action

competence.

Furthermore the items do not demonstrate reliability in their ability to depict the

expertise of a student in several subjects. The empirical results pertaining to the

structure of vocational competence are coherent with studies in other vocational

areas that similarly suggest the high relevance of subject-related domains in the
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structuring of professional competence measures and their frequent influence on item

difficulty (e.g., Nickolaus, Gschwendter, & Abele, 2009; Seeber, 2008). However, for

measuring competence acquired in VET, this approach seems insufficient. If action

competence is not to devolve into simply a buzzword, the concept must be salient

and manifest in final examinations. In particular, newly developed and implemented

assessment practices must capture students’ skills in thinking and reasoning effect-

ively and solving complex problems autonomously, on the basis of constructivist

theory (Gijbels et al., 2006; Pellegrino et al., 2001).

Finally, with regard to the accuracy with which the final examination distinguishes

and classifies students, we find that it does not provide enough items to measure under

average competence levels accurately. The poor reliability limits true classifications of

learning outcomes, because students who have been classified as failures, and who are

therefore denied certain positions within the professional community, easily could be

misclassified. The informative value and explanatory power for the GCCI test instru-

ment thus are low.

Because the current examination appears neither adequate nor accurate as an instrument

to capture action competence, we propose improving the foundational conceptualization

of the test by

1. Designing more items pertaining to the “acquisition” and “goods and services”

content areas.

2. Offering adequately authentic and complex test situations, such that the process-

oriented, situated item setting aims to model real-life, authentic situations

(Shavelson, 2008).

3. Forming a vertical competence structure based on cognitive dimensions and

developing situations with varying complexity, to test different action competence

qualities and increase the interpretability of the IRT test scores (i.e., criterion-based

assessment).

4. Designing more easy items, to achieve greater reliability at the most crucial

separation point of the test.

5. Adopting a competence model that better depicts the development of

competence throughout the learning process, moving from general

competences (domain-related) to more specific competence components

(domain-specific) (Winther, 2010a; Winther & Achtenhagen, 2008), focused on

work requirements in specific occupations to stimulate company operations

across departments and their specific economic features (Winther 1 &

Achtenhagen, 2009a).

By incorporating such aspects into the final examination, the GCCI could make its

assessment instrument more valid and move it beyond the current focus on component

skills and discrete bits of knowledge, to encompass the more complex aspects of stu-

dent achievement (Pellegrino et al., 2001). Furthermore, such a test structure might

offer more information about the level of competence students actually acquire and

concrete starting points for developing support measures to improve their learning

process. Results from initial tests of this novel examination approach will be ready in

late 2013.
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Endnotes
aThe data were acquired from six headquarters of the German Chamber of

Commerce and Industry: Luneburg, Hanover, Frankfurt on the Main, Munich,

Saarland, and Nuremberg.
bSteyer and Eid (2001) note that a missing correlation between different error terms—as

assumed in classical test theory—implies unidimensionality. In a probabilistic approach,

this assumption disappears though, so (multi)dimensionality is explicitly confirmable. In

empirical terms, the identified competence dimensions are sufficiently independent in

their correlative cohesion (e.g., Hartig & Klieme, 2006).
cItem discrimination refers to an item’s ability to differentiate among people at differ-

ent levels along a particular trait continuum (Birnbaum 1968).
dGuessing effects describe a respondent’s probability of getting a question correct,

simply by chance.
eFor the exact characteristics of each model, see Embretson and Reise (2000).
fAcquired from statistics for Munich and Upper Bavaria.
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